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suMMARY

As a continuationofpreviousresearchatMachnumbersof 2.02and
1.39, anexpertientalinvestigationwastie ofthepressuresinduced
ona flatplateby a propulsive~etexhaustingfromsonicandsupersonic
nozzlesata free-streamMachnumberof 1.80.Measurementsofthepres-
suredistributionon a flat-platewingweremadeatzerosngleof attack
forfourdifferentlocationsofthejetcndmustnozzlebeneaththewing.
Botha chokedconvergentnozzleanda convergent-divergentnozzleon the
nacellewereused. Thenozzleswereoperatedatnacelle-exittotal-
pressureratiosfrom2 to 16andtheRe~oldsnumberperfootwasapproxi-
mately13X 106.

Twodistinctshockwavesimpingedonthewingsurfaceandgreatly
alteredthepressuredistributionatallnozzlepositions.Positive
incrementalnormalforceresultedonthewingat allpositions.c!ompax-
isonssrepresentedfortwofree-stresmMachnumbers.

INTRODUCTION

A seriesof investigationstodeterminetheeffectof a propukive
jet,issuingfromtheresxofa nacelleintofree-stresmsupersonicflow,
on a zero-angle-of-attackflat-pbtewingsurfacehasbeencompleted.
References1 and2 containtheresultsofthetestsat free-streamMach
numbersof2.02and1.39. Thedatapresentedhereinwereobtainedfor
a free-stresmMachnumberof 1.80usinga coldheliumpropulsivejet.
Theresultspresentedinreferences1 and2 showthata propulsivejet
issuingfromtheresrofa nacelleintofree-stresmsupersonicflowpro-

* ducedstrongdisturbanceswhichwereresponsiblefortheformationof
shockwavesinthefreestresm,downstreamofthejetexit. fiducedlift
wasproducedwhentheseshockwavesintheexternalflowimpingedupon4
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anadjacentsurface.Machnumbercomparisonsaswellassonicandsuper-
sonicnacelle-exitcomparisonsarepresentedinthispaper.

~.
F

Thedatapresentedwereob+ainedovera rangeofnacelle-exittotal-
pressureratiosfrom2 to 16ata free-stresmMachnumberof l.~. The
free-streamReynoldsnumberperfootwasapproximately13X 10b. The
investigationwasconductedinthepreflightjetoftheLangleyPilotless
AircraftResearchStationatWallopsIsland,Va.

SYMBors

A area,sq in.

Ac+J
Nn

incranentalnormal-forcecoefficient,
- Nf

@e

CP
Pw-Pmpressurecoefficient,
%0 .

ACp=Cp,n - Gp,f —

cry gross-thrustcoefficient,T/&

D diameter,in.

H totalpressure,lb/sqtn.

He/Pm nacelle-exittotal-pressureratio

M Machnumber

N normalforce,lb

P staticpressure,lb/sqin.

Pe/Pm nacelle-exitstatic-pressureratio

q dynamicpressure7pM2/2,lb/sqin.

T grossthrust)~&e2Ae + peAe- pmAe

x chordwisedistancefromnacelleexit,in,

&i&!!.
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Y spsmwise distmcefrcmnacellecenter

e exit shockangle,deg

a jetshocksingle,deg

line,in.

7 specific-heatratio;1.40forair,1.67forhelium

Subscripts:

b nacellebase

c combustionchsmber

e nacelleexit

f propulsivejetoff

n propulsivejeton

T nozzlethroat

w

m freestream

(forsonic T = e)

3

APPARATUS

Thetestsweretie inthepreflightjetfacility(describedin
ref.3) oftheLangleyPilotlessAircraftResesrchStationatWallops
Isl.sad,Va. A Machnumberl.&l,27-by ~-inchnozzlewaausedforthese
tests.A photographofthenacellemountedinthetestpositionbeneath
theflat-surfacewingattheexitofthe27-by 27-inchnozzleis shown
asfigure1.

A sketchofthenacellewithitsprincipaldimensionsisshownin
figure2. Theexitareas& ofthesupersonicandsonicnacelleswere
0.567and0.407squsreinch,respectively.Thebcdyofthenacelle
hada maximumdismeterof 1.L2inchestithanoveralllengthof
11.65inches.A convergent-divergentnozzleprovidinga supersonicexit
wasconstructedforthenacelle.Inaddition,a convergentnozzlepro-
vidinga sonicnacelleexitwasinstalledforonetestposition.The
nacellewasmountedona hollowsupportstrutwhichservedas a housing “
forthepressuretubesandheliumfeedline.!l%elesdingedgeofthe
strutwassweptbackfromthenacelleat a 25°angle,whilethetrailing

-—
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edgewassweptbackata 40°angle.Thestruthada hexagonalcross
sectionsashowninfigure2. Figure3 showsthelocationofthenacelle
withrespectto thewingandpreflight-jet-nozzleexit.Thewingas

v

showninfigures1 and3 isdescribedinreference2...

INSTRUMENTATION

Theinternalstaticpressureandthemsnifolded~otalpressureof
thenacelleweremeasuredforalltests.Thelocationoftheseorifices
isshowninfigure2. Thetotaldrag(nacelle$etoff)smdthenet
thrust(nacellejeton)weremeasuredwitha t150-pouidmaximumthrust
dragbalanceatpositionIb (fig.3).

Thepositionof47 static-pressureorifices(0.06-inchdiameter)
on thewingwe showninfigure4. Thefree-streamtotalpressureand
thestrewnstaticpressure(1/2inchup streamfrmnpreflightnozzle
exit)werethepressuresmeasuredonthepref~ghtJet27-by 2y-inch
nozzle. -.u

Allpressureswererecordedby electricalpressurerecordersofthe
strain-gagetype.A 1O-CPS-lxbnercorrelatedallthe historieson

—
4

recordingpaper.Shadowgraphs,whichwerephotographedatan exposure
of approximately0.003second,wereobtainedby usinga carbon-arcl.lght
sourceandanopaque-glassscreen. —-

TESTSANDMWI!EODS

ThenacellewasmountedwithintheMachnumber1.80rhombusofthe
preflightjet. Thewingwasstgtionsryandthenacellewasmovedhori-
zontallyandverticallybetweentestrunstothefow”positionsshownin
figure3; testsweremadeat eachposition.AtpositionIb,a sonic
nozzlewassubstituteforthesupersonicnacelle-exitnozzleas illus-._ .
tratedinfigure2. At allpositions,thenacellew--atanangleof
attacksmdsideslipof0°withrespecttoboththewingsurfaceandthe
centerlineofthetestnozzle.Thetestsweremadeusinga helium
propulsivejet,whichasshowninreference4 willyieldJet-effectdata
comparableto a hotjetengineoverthersmgeofnacelle-exitstatic-
pressureratiostested.Althoughheliumhasa 7 of 1.667smda typi-
calturbojetwithafterburnerhasa 7 of 1.27’,theeffectofthis
differencein 7 isminoronthewingpressurecoefficientsata nacelle-
exitstatic-pressureratioof8 or lessSEshowninreference4-.

-..

--

Thetestsweremadeby firststartingtheMachnumber1.80preflight
jetandrecordi~-jet-offdata,thenstartingtheflowofheliumand w



NACAm L56106 5

recordingjet-ondata. Thepressureratioat-thenacelleexitwasvaried
automaticallyastheheliumsupplydecressed.AtpositionIb with
free-stresmjeton,a high-frequencystrain-gagebalancewaausedtomeas-
ureboththetotaldrag(jetoff)andthenetthrust(jeton). Thegross
thrustthenwasobtainedby an algebraicsumnationofthejet-onandjet-
offdata. Thenacelle-exitstatic-pressureendthenacelk-exittota.l-
pressurewerethencomputedfromthegrossthrust.At alltestpositions
~ and PC w~e measuredinsidethenacelle’es illustratedinfigure2.
1% themeasuredvaluesof ~ and Pc,theMachnumberinthenacelle
chsmberwascalculatedtobe approximately0.30.By usingthisvalue
of ~ andassumingone q decreaseinpressurebetween~ and Q
~ wascalculatedfrcmthemeasuredvaluesof ~. Thiscalculated
valueof & obtainedfromthemeasuredvaluesof & ispresentedin
figure~. Alsoincludedinfigure5 .1sthevalueof I&/pm calculated
fromthethrustdragmeasurementsatpositionIb (bythemethodpre-
sentedinref.2)plottedagainstthemeasuredvaluesof Hc~m. Fig-
ure5 indicatesthattheassumptionofone q,decreaseinpressure
from ~ to ~ isa validoneandthereforeallvaluesof ‘e~. u
usedhereinwereobtainedfromthemeasured~~m valuesassuminga
one q difference.Therelationshipbetweennacelle-exitstatic-pressure
ratioandnacelle-exittotal-pressureratioispresentedinfigure6.
Figure6 a~o indicatestherangeofpressureratioscoveredinthese
tests.

ACCURACY

I& accountingfortheinstrumenterror
range,theprobableerrorisbelievedtobe

M. . . . . . . . . . . . . . . . . . . . .
Cpjf . . . . . . . . . . . . . . . . . . .

~,n......=...=.....=..
H@m.. . . . . . . . . . .. o.. . . .

Pe/Pm.. . ● . . . . _ . . . ● .. . . . .

Of 1 percentoffull-scale
withinthefollowinglimits:

. . . . . . . . . . . to.02

. . . . . . . . . . . to.02

. . . . . . . . . . . to.02

. . . . . . . . . . . to. 20

. . . . . . . . . . . ~o.03

RESULTSANDDISCUSSION

Jet-OffPressureCoefficients

Jet-offpressuresweremeasuredat47 orificesonthewingat each
ofthefournacellepositions.Thejet-offpressurecoefficients~,f
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werecomputedandgivenintableI foralltestpositions.Figure7
showsthevariationof$et-offpressurecoefficientswithorificeloca-
tionforalltestpositions.Notethatthecurvessresimilarto those
thatarepresentedinreferences1 and2 withposition.Ib lagging
behindIa andpositionQ ~gi~ b~nd Ia snd Ib. Thevalue

of $,f SSplottedincludesalltheinterferenceeffegtsonthewing.
Afterthe $,f riseat x~ of 10.76, $,f al~s”-has a near~
commonvalueduetotheintersectiononthewingofthe_nacelletrailing-
ws.keshockwave(describedinref.5). However,whenthetrailing-wake
shockintersectsthewingdownstreamof x~T of 10.76,the Cp,f value
at x/~ of 10.76isnegativeasshowninfigure7(c)atpositionIc
and,inallpositionsoffigure7(d). Thisnegativevalue,whichis
causedby theexpsnsionoverthenacelleboattail,isconsistentwiththe
negativevaluesof ~,f precedingtheintersectionofthetrailing-wake
shockwavefortheotherprofilespresentedandisunaffectedwhenthe
intersectionofthetrailing-wakeshockwaveisdownstreamofthewing
trailingedge.Thenacellewasnmved3 inchestowardthetrailingedge
ofthewingtopositionlIb. Thejet-offpressurecoefficients~,f
fortestpositionIIb sreincludedinfigure7. At positionIIb,the
valueof ~,f atorificex/@ of6.59,alongthenacellecenter.l.ine,
ws.aaboutthessmeas ~,f atpOSitionIb andnotappreciablyreduced
dueto thelocationofthewingtrailingedgeas itwas inreference2
at&= 1.39 fortwoidenticalvertical-positions.Thisindicatesthat
thebase-pressureeffectson thepressuredataalongthenacellecenter
line,owingtothelocationofthewingtrailingedge,werenotassevere
fortheMachnumber1.8otestsastheywerefortheMachnumber1.39tests
ofreference2. Figure8 illustratestheshockwavesoriginatingfrom
thenacellewakeforthefourtestpositions.Thesewerephotographed
witha shadowgraphscreen.

Jet-OnPressureCoefficients

Shockwaves.-Presentedinfigure9 arethesha@wgraphpicturesfor
variousnacelle-exittotal-pressureratiosoftheflowfieldaboutthe
nacelleexitforthesupersonicpropu~ivejetatthefcmrtestpositions.
Visibledownstreamofthenacelleexit,inmoatoftheshadawgraphpic--
tures,sretwoshockwavesthatimpingeuponthewingsurfaceandthen
arereflected.Thefirstoftheseshockwavesislmownastheexitshock,
sndthesecondiscalledthejetshock.Ihsanepublications,theexit
shockwaveandjetshockwavearereferredto astheprimaryandsecond-
aryshockwaves,respectively.Theeffectoftheseexitandjetshock
wavesissmplydescribedinreferences4 and6.

—

—

●

—

-.
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—
.—
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theexit-shock-waveangles
thewingoftheexitshock

waveandthenacelleexit)andjet-shock-wavesnglewithnacelle-exit
total-pressureratioattestpositionsIaJ Ib,and Ic fOrthesuper-
sonicnacelleexitasmessuredframtheshadowgraphpictures.Thejet-
shock-wavesinglesatpositionIa arenotshownastheshadowgraphpic-
tureswerenotclearenoughtodetectthem. Thenacelledistancefrom
thewingwasverysmallatthisposition.

It canbe shownthatam imaginaryapexforthejetshockwave,in
thesetests,originatesatthenacellecenterlinethesamedistance
fromthenacelleexitforbothpositionsIb and Ic. Thisfactis
substantiatedby themethoddescribedinappendixA. Figure11presents
thisccmputedchordwisedistanceoftheapexofthejetshockas it
varieswithnacelle-exittotal-pressureratio.Thiscurveshowsthat
varyingthenacellelocationframpositionIb to Ic hadno effecton
theoriginofthejet-shock-waveangleforthesefree-streamMachnum-
ber 1.80tests.Therefore,by a simpleconicalprojection,theapex
locationscanbe usedin conjunctionwiththepressuredatapresented
todeterminetheintersectionofthejetshockwaveon surfacesother
thana flatplate.

Figure12presentsthedataofthesonicnacelle-exittestatposi-
tion Ib andshowsthecorrespondingdataofthesupersonicnacelleexit
fortheexit-shock-waveandjet-shock-wwveanglesandtheirpointof
intersectionandoriginwithrespecttonacelle-exittotal-pressureratio.
Theexit-shock-wavesm.gles(fig.12(a))decreasedtithanincreasein
nacelle-exitMach’numberbecausepe/p. is lessforthesupersonicexit
thanitwasforthesonicexitata givenvalueof ~/pm. As shownin
references4 and6 theexit-shock-waveangleisprimarilya functionof
Pe/PmJnozzlegeanet~,andfree-strewnMachnumber.Theseangleswere
obtainedby directmeasurementoftheshsdowgraphpictures.Thejet-
shock-waveanglesandjet-shock-waveintersectionpointsonthewingwere
alSoobtainedfrm theshadowgraphpictures.Notehowthesearealmost
identical(withintheaccuracyofthedata)forboththesonicandsuper-
sonicnacelleexits.Thelocationoftheapexofthesonic-jetshock
wavewascomputed(asdescribedinappendixA) forthesupersonic-jet
shockwave. Theapexof thesonic-andsupersonic-jetshockwavesis
almostidenticallylocatedasseeninfigure1.2(c).Theseresultsshw
thatthelocationofthejet-shock-waveapexisonlya functionof &/pm.

Figure13comparestheexitandjet-shock-wave
exitat free-streamMachnwbersof 1.39, 1.80, and

snglesforthesonic
2.00 as a function
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ofnacelle-exitstatic-pressureratio.Thesecurveshavean increasing
trendwithincreasingvaluesof pe/pm forallMachnumbers,andthey
increaseinanglewitha decreaseinfree-stresmMachnumberata common
valueof pe/pm.Thejet-shock-waveangleisonlya functionofthe
free-streamMachnumber.

.

—

*

Nacelleposition.-Infigure14,thechordwise~iation of jet-on
pressurecoefficientsforalltestpositions.ispresentedatfourspan-
wisepositionsasa functionofdistancefromthenacelleexit x~
ata nacelle-exittotal-pressureratioof7 forallpressureorifices.
TabulatedintableIIaretheexperimentaljet-onpress-iecoefficients____”_-
forindividualorificelocationsat alltestpositionsforintegervalues
ofnacelle-exittotal-pressureratios.As showninreference2 forjet-
ondata,thereisa reductioninthemaximumpositivepressureanda
rearwsrdmovementofthecompletepressureprofileu thenacellei.s
loweredinpositionaswellasa generalreductioninpressureat each.

—

positionasthespsnwisedistanceisincreased.Also,asintheJet-off
condition,increasingtheverticaldistancebetweenthenacelleexitmd
thewingmovedthepointofintersectionoftheshockwavetowardthe
trailingedge.oftheting. d—

Figure15presentsthetrendofset-onpressure-coefficientsasa
vsriableoftotal-pressureratio.Itcanbe concluded,by exeminingthese d
curves(fig.15(c),inparticular),thatthehigherthe-total-pressure
ratio,thenearertheintersectionoftheexitshockwaveonthewingis
totheexitofthenacelle.Notethedirectstiilsritybetweenposi-
tiOn Ib and lIb. SincepositionIIb was3 inchescloserto thewing

.——

trailingedgethanpositionIb,similsrdataforthesetwopositions
indicatenowingtrailing-edgeeffectsasW._foundinreference2 for
% = 1.39. .

Nacelle-exitMachnumber.-Figure16presentsthechordwisevariation
ofjet-onpressurecoefficientsattestpositionIb forbothsonicand
supersonicnacelleexitsata nacelle-exittotal-pressureratioof7.
Verylittledifferenceinthesonicandsupersonic~,~ profilesare
notedforthessmenacelle-exittotal-pressurerafio.Thissimilarity
csmbe expectedbecauseasshowninfigureQ(d) thejetshockwave
intersectsthewingatapproximatelythessmevalueof x/DT forboth
thesonicandsupersonicexits.However,”ai-showninfigure12(a),the
exit-shock-waveangleisgreaterforthe”sonicexitthtiitisforthe
supersonicexit.Thereforeitcanbe expectedthat.aslightdissimilarity
existsdownstreamoftheintersectionofthe
figure16andalsoaspresentedinreference

~- . “.

exitshockwaveasshownin
2. .-
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Foridenticalnacelle-exitstatic-pressureratios,the Cp,n curves
me dissimilardownstreamoftheintersectionoftheekitshockwave,as

● illustratedinfigure17. Figure17(a)presentsthechordwisevariation
of $,n alongthetingcenterlineattestpositionIb fOrbothSOfiC
andsupersonicnacelleexits,ata nacelle-exitstatic-pressureratio
of 1.96.As canbe seeninthepicturespresented.infigure17,theset
shockwavefromthesupersonicexitintersectsthewingfurtherdownstream
thanthejetshockwavefromthesonicexitwhiletheexitshockwave
appearstobe similar.Reference4 showsa theoreticalincreaseinthe
sizeofa jetboundarywithanincreaseinnozzledivergenceangleatthe
samevaluesofnacelle-exit”static-pressureratio.Therefore,thesuper-
sonicnozzleexitwouldcausea lsrgervalueof El thanwouldthesonic
exit(illustratedinfig.2)atthesanevaluesofnacelle-exitstatic
pressure.SinceDe/~ isgreaterforthesupersonicexitnacellethan
thesonicexitnacelle,thebaseannulussreamightcausea lsrgere
forthesupersonicnacelleexit. Thislager e forthesupersonic
nacelleexitis indicatedinfigure17(a)by a greaterpositivepressure
riseduetotheexitshockwaveforthesupersonicexit.Figure17(b)
mskesthessmetypeof comparisonasfigure17(a),exceptat a nacelle-

. exitstatic-pressureratioof0.98.

. IncranentalPressureCoefficients

Nacelleposition.-Sincealltheinterferenceeffectsof eachof
thetestconfigurationsareincludedinbothjet-off[~,f)andjet-on

(%jn)Pres~e coefficiats,incrementalpressurecoefficientsAC+
havebeencompiledandarepresentedinfigures18through20. The
valuesoftheincrementalpressurecoefficientswereusedto indicate
themagnitudeofthejeteffectsasobtainedforthesetests.In
tableIII,theincrementalpressurecoefficientsarepresentedforall
testpositionsforthecompleterangeoftotal-pressureratiostested.

Figure18presentsthechordwisevariationof incrementalpressure
coefficientsattwospanwisestationsforpositionsIa, Ib,and Ic
ata total-pressureratioof7. Theresultof combiningjet-onandjet-
offwing-profilepressurecoefficientsasshowninfigure18indicates
positiveincrementalpressuresi.mmdiatelydownstreamoftheexitshock
wave. Thispositive~ decreasestonegativevaluesthenapproaches
a commonnegativevalueforalltestpositions.Figure19presentsthe
chordwisevariationof incraentalpressurecoefficientsfortest
pOSitiOnSIb and ~b at a nacelle-exittotal-pressureratioof7
alongthenacellecenterline.Thesecurvesareidenticaleventhough
the ~,f. ad Cp,n curveswerenotcorrespondinglyequalfortest
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positiom Ib and IIb. Thisi.ssignificantinthat””ttsubstantiates
anearlierstatementconcerningtheeliminationoftheinterference
effectsaccumulatedinthejet-onandjet-offtests.‘-

c

Nacelle-exitMachnumber.-Showninfi~e 20 ar~theincremental
pressureratiosforbothsonicandsupersonicnacelle:-exits.Comparisons -.-
areillustratedsfiowing&/pm asa const&t(12)forbothexitsand
also Pe/Pm asa constant(1.96)forbothexits.Fo~thessmenacelle-
exitstatic-pressureratioof 1.96,boththeexit-s.@jet-shock-wave

---—

intersectionpointsareatdifferentvaluesof
—

‘~T “asindicatedby
thepositiveincremental-pressurerises.Howe&, forthesamenacelle-
exittotal-pressureratioof 12,thefirst-positivep~essurerisefrom
theexitshockintersectionisstillata differentvalueof X/DT and
thesecondincrementalpressurerisefromthejetshockwavesoccursat
thessmevalueof x/DT.

Normalforce.-Sincethewingtrailing-edgeeffectandotherinter-
ferencesarealleliminatedwhen ~ profilesareciinputed,MN c%” _ .
be computedforanylengthflatwinglessthan x/DT= 1104.presented a-

infigure21me the ~ profilesacrosstheflat”wihgata nacelle--”““-” ._
exittotal-pressureratioof 15. Thecross-sectional-areawasintegra~@ .
forthisnacelle-exittotal-pressureratioaswellas-thecompletersnge
oftotal-pres~ureratiostestedsmdcrossplotted.

.-
~ical curves, --

illustratingthismethod,arepresentedinfigure22f~r &/pm of8
..

and15. Figure22 andthecorrespondingcurvesfor.ot%ernacelle-&it”-
total-pressureratioswerethenintegratedand ACN wasdetermined.

Theincrementalnormal-forcecoefficientsMN basedon ~ with.-.
respectto ~/pm fortestpositionsIa,Ib, ~d lC forbothsonic —

andsupersonicnacelleexitsareshowninfigure23. At allnacelle
testpositions,positiveincrementalliftwasobtained,end MN resulted
witha positiveriseas %/P. increased.Notethatat lowernacelle-
exittotal-pressur~ratios,the MN curvetendsto l&el offandr~ain : Z-.
constemt.Also,thefartheraweythenacelleposition-istothewini, .._
thelongerthisconstantlevelpersists.Thisindicatesthatthevalue
of MN at eachtestpositionremainsconstantto a highervalueof
I&/P@ asthenacelleismovedawsyfromthe”wingsurf~ce.

...

-----
Free-stresmMachnumber.-Combiningthedataofr~ference2 with -

thesetestdataresultsinfigure24whichcomparestheincremental
pressurecoefficientsattwofree-streamMachnumbers.Showni.n.this .=—
figureisthechordwisevariationof incrementalpresstirecoefficients‘“‘“ c.-
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attestposition
free-streamMach

titi~ 11

Ib forbothsonicsmdsupersonicnacelleexitsat
numbersof 1.39and1.80.for ~/pm =-7. Notethatthe

exitshockwavemovesdownstreamwithanincrease”infree-streamMach
number(alsoindicatedinfig.13). The ~ maximumduetotheexit
shockwavedecreasesinvaluewithsm incresseinfree-streamMachnmn-
ber. Notealsothatthevaluesof ~ downstreamof X~ > 6 are

aboutthesameforbothfree-streamMachnumbers.

Presentedinfigure25arethevariationsof incrementalpressure
coefficientswithnacelle-exittotal-pressureratioat free-stresmMach
numbersof 1.39and1.80forthreedifferentpressure-orificelocations
attestpositionIb forbothsupersonicandsonicnacelleexits.Fig-
ures25(a)t~ough25(d)indicatedthepressuredisturbanceduetothe
exitshockwave. Thejet-shock-waveeffectisnoticedinfigures2~(e)
and25(f).Notethesimulartrendforthesonicandsupersonicnacelle-
exitdataforthesanepressureorificesmdthatthesupersonicdatalags
behindthesonicdataforeachfree-stresmMachnumberat thesamepres-
sureorifice.Theexit-shock-waveangleeffectforthe M = 1.80 tests
canbe seeninfigures25(c)and25(d),andtheexit-shock-wave-angle

—

effectforthe & = 1.39 testsareindicatedinfigures~(a) and25(b).
—

Thiswasexpectedsincethelsrgershock-waveangleofthe I& = 1.39
dataproducedthepressureriseon theclosernacelleorifice
y/r@=o).

(x/%=2043>

ThrustcOefficient.-Figure26presentsthegross-thrustcoeffi-
cient CT,basedon &, as itvarieswith ~/pm forthesonicand

—

supersonicnacelleexits.Figure27presentsthevsriationof ACN/CT
withrespectto %/pm forbothsonicandsupersonicnacelleexitsat
testpositions&, Ib,and Ic. Thesevalueswereobtainedby dividing
thedataof figure23by thevalueof CT infi~e 26. The MN
increasesforbothsonicandsupersonicnacelleexitsata muchslower
ratethan CT atthelowervaluesof ~/pm ad at approxtiatelya
constantratefor %/Pm >6. PositionIa (only1.74 ~ frcmthe
wingsurface)alsofollowsthistrendbutnotas severelyat thelower
nacelle-exittotal-pressureratios.

Figure28presentsthevariationofincranentalnormalforceto
thrustratiowithnacelle-exittotal-pressureratiosatpositionIb for
bothsonicandsupersonicnacelleexitsatfree-stresmMachnumbersof
1.39andl.1%. Thechangeinfree-stresmMachnumberfrom1.80to 1.39
seemstohavelittleorno effecton LCN/CT.

.

.



12

CONCLUSIONS

NACARM L561C%

w

Experimentalstudieshavebeenmadeata free-stresmMachnumber
of 1.80ofa small-scalepropulsivejet~austing fromsonicandsuper-
sonicnozzlesparallelto a flatsurfacewing. Thescopeandresults
ofthesetestsme summarizedasfollows.

1.Shockwaves,formedintheexternalflowbecauseofthepresence
ofthepropulsivejet,impingedontheflatsurfaceandgreatlyaltered
thepressuredistribution.

2. Thejet-shock-waveangleisonlya functionoffree-streamMach
numberanditstheoreticalapexoriginatesatthessmedistancefrcmthe
nozzleexitfortheseinenacelle-exittotal-pressureratioatalltest ._ ._
positions.

3. Boththejet-shock-wavesndexit-shock-wavesfiglesdecreasewith
an incresseinfree-stresmMachnumberatthessmevaluesofnacelle-
exittotal-pressureratios. -. s

4.Positiveincranentalnormalforcetithewingwasobtainedat.
alltestpositions. .

5. Theincranentalnormalforceincreasedwithincreasednacelle-
exittotalpressure. — -.

LangleyAeronauticalLaborato~,
NationalAdvisoryCommitteeforAeronautics,

IamgleyField,Vs.,August24,1956. .-

.—



NACARM L56106 13

APPENDIXA

THElI12THODUSEDTO CALCULATETEEDISTANCEFROMTHENACELLEEXIT

TO THEAPEXOFTHEJETSHOCKWAVEONTHENACELLECENTER

LINE‘IOPROVETHATTHISDISTANCEISA CONSTANT

FORALLNACELLETESTPOSITIONS

A gecmetriclsyoutta thelocationofthe,1etshockwaveisshown
infi~e 29.

As an exsmple,
10,andL2(d),

ThealgebraicsolutionwaEdete~inedSEfollows:

~=t=a ‘b-yb=
Xb xb

yb - ybXb .
t= a

Yc_tma Y=-yc

xc=%

Yc - Yc
‘c = tana

~=~t~a-yb=% Yb
-—

tan a tan a

‘c =xc -@--
tan a

(1)

(2)

provethat xb = xc at ~/pn = 8. Thenfromfigures3,
respectively,thefollowingvaluessreobtained:

Yb = 3.48% yc = 4.98DT

%3. ac = 35.50
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Therefore

Thus

Forother
‘b} Xc>

Xb

‘c

nacelle-eXit
‘b)and Xc

3.48D~
0.713

o.96DT

MICAEML56106

Xb = xc

total-pressureratiosj.thefollowingvaluesof
msybe obtained:

.
—_—.

%?/Pm Xb

7 5.50
9 6.20

11 6.90
13 7.40
15 7.90

7.60 0.62
8.30 1.32
9.00 2.02
9*W 2.52

10.00 3.02

Theseresultsareplottedinfigure11.

.

0.62
1.32
2.02
2.52
3.02

—

—.-

—

—

.

.

.

.
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TABLEI.-Vm OFJEl?-OPF~SSURECOEl!7?IC131?l%FOR

ALLWING~ICE POSITIONS

NACARM L561c%

Orifice Orifice %@t’tCP,rattestpositions- _ordinates ordinates poeitlon
‘~T y/D~ Ia lb 1= +@ Y~T IIb

10.76 0.00 -o.@% 0.002 0.005 6.59
9.72

0.00
.00 .001

0.019
.019

8.68
.027

.00
5.55 .00

.014
-.079

.027 .023 4.51
7.63 .00

.00
.010 .028 -.075

-.036
6.59 .00

;::; .m
.018 -.060

-.103.
.035

5.55 .00
.00

.023
-.079

4.51
-*W -.092 1.39

.00
.00

.039 ;:g;” -.069
-.055

3.47 .03
.35 .00

.039
-.037

-.025 -.69
2.43 .00

.M1
-.117 -.a37

-.co3
-.OU -1.~

1.39 -.C87
.CQ .m

.00 ~:?h+ o -2.77 .co .065
.35 “.00 -.095
-.69

.009 -3.82 .00
.00 -.OX o

.035
.009 -4.86 .00 0

10.76 1.40 -.002 .m .@g 6.59
9.72

1.40
1.40 .OM .023

-.055
8.68

.032 5.55 ~.ko
1.40 .020

-.077
.034 -.058 4.51 1.40 -.063

7.63 1.40 .019
6.59

.037 -.O?A ;::: 1.40
1.40

-l@
.010 -.040 -.cf57

5.55
1.40

1.40 .0111 -.1o9 -.104
-.@3

4.51
1.39

l.ko
1.40

.031 -.081 -.062
-.038

3.47 1.40
.35 .1.40

-.llg
-.037

-.117 -.027 -.69 1.40 0
2.43 1.40 -.119 -.C68 -.o12 -1.~
1.39

1.40
1.40

.017
-.097 -.038 .Ou. -2.77 1.40 .042

.35 1.40 -.097
-.69

-.OU .010 -3.82 l.k=o o
1.40 -.030 0 .010 -4.86 1.40 0

10.76 4.17 .c@3 .018 +&
4.17

6.59 4.17
9.72 .024

-.079
.031

8.68 4.17
5.55 4.17 -.132

.020. -.078 -.061 4.51 4.17
7.63 4.17

-.048
-.031

6.59
-.064

4.17
-.070 ;.;; 4.17

-.099
-.031

-.115 -.061
4.17

4.17
5.55 -.099

-.032
4.51

-.094 -.054
4.17

1:39 4.17 -.026
-.097 -.057 -.027 .35 4.17

3.47 4.17 -.052
.W

-.034 -.037 -.69 4.17 .026
2.43 4.17 -.020 -.010 0 -1.~ 4.17 0
1.39 4.17 -.020 -.007 0 -2.77 4.17 0
.35 4.17 -.020 -.oo~ o -3.82 4.17 0

10.76 6.94 -.078 -.085
6.94

-.094 6.59 6.94 -.048
9.72 -.075
8.68 6.94

-.m -.047 5.55 6.94 -.023
-.W5 -.033 -.022 4.51

7.63 6.94
-.016

-.032
6.59

-.034 -.019
6.94 -.047

3.47 ::% .026
-.036 -.016 2.43 ‘6.94

5.55
.008

4.51
-.Q50 -.035 -.02k

::%
1.39

-.045
6.94 -.001

-.023 -.020 .35 0
3.47 6.94 -.OW -.010 0 -.69 2:% o

10.76 11.11 -.057 -.027 -.036 6.59 1.1.11 .o@
9.72 I.1..ll-.044 -.010
8.68

-.021 5.55 I.1.11 .W
11.11 -.035 -.005 -.027 4.51 11.11

7.63 11.11
-.op

-.020 -.0Q5 -.021 3.47 11.11 0

—

.

P

.

.
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